Abstract: The subphylum Ustilaginomycotina (Basidiomycota, Fungi) comprises mainly plant pathogenic fungi (smuts). Some of the lineages possess cultivable unicellular stages that are usually classified as yeast or yeast-like species in a largely artificial taxonomic system which is independent from and largely incompatible with that of the smut fungi. Here we performed phylogenetic analyses based on seven genes including three nuclear ribosomal RNA genes and four protein coding genes to address the molecular phylogeny of the ustilaginomycetous yeast species and their filamentous counterparts. Taxonomic revisions were proposed to reflect this phylogeny and to implement the 'One Fungus = One Name' principle. The results confirmed that the yeast-containing classes Malasseziomycetes, Moniliellomycetes and Ustilaginomycetes are monophyletic, whereas Exobasidiomycetes in the current sense remains paraphyletic. Four new genera, namely Dirkmeia gen. nov., Kalmanozyma gen. nov., Golubevia gen. nov. and Robbauera gen. nov. are proposed to accommodate Pseudozyma and Tilletiopsis species that are distinct from the other smut taxa and belong to clades that are separate from those containing type species of the hitherto described genera. Accordingly, new orders Golubeviales ord. nov. with Golubeviaceae fam. nov. and Robbauerales ord. nov. with Robbaueraceae fam. nov. are proposed to accommodate the sisterhood of Golubevia gen. nov. and Robbauera gen. nov. with other orders of Exobasidiomycetes. The majority of the remaining anamorphic yeast species are transferred to corresponding teleomorphic genera based on strongly supported phylogenetic affinities, resulting in the proposal of 28 new combinations. The taxonomic status of a few Pseudozyma species remains to be determined because of their uncertain phylogenetic positions. We propose to use the term pro tempore or pro tem. in abbreviation to indicate the singlespecies lineages that are temporarily maintained.
INTRODUCTION
The subphylum Ustilaginomycotina (Basidiomycota, Fungi) comprises mainly plant pathogenic fungi usually known as smuts, which are mostly dimorphic and present a yeast stage during part of their life cycle (Bauer et al. 2001a , Begerow et al. 2014 . As this yeast stage sometimes not only consists of unicellular budding cells, but also includes cultures that might eventually produce hyphae or divide in other modes than budding, these fungi are often summarised as yeasts or yeastlike fungi. For simplicity of reading we will refer to 'yeasts' only, as long a differentiation is not necessary. A considerable number of ustilaginomycetous fungi known from yeast states only are described as asexual yeast species that are currently classified into 12 genera with 71 species Studies in Mycology parte), Sympodiomycopsis, Tilletiaria and Tilletiopsis (Stolk & Dakin 1966 , Gokhale 1972 , Boekhout 1991 , Begerow et al. 2000 , 2006 , In acio et al. 2008 , Sipiczki & Kajdacsi 2009 , Nasr et al. 2014 , Wang et al. 2014 . Species of these 12 genera occur in four classes currently recognised in Ustilaginomycotina, namely Exobasidiomycetes, Malasseziomycetes, Moniliellomycetes and Ustilaginomycetes (Bauer et al. 2001a , Begerow et al. 2006 , Hibbett et al. 2007 , Nasr et al. 2014 , Wang et al. 2014 . Many of ustilaginomycetous genera described from teleomorphic stages are cultivable, like members of Ustilago, Exobasidium and Microstroma, but their yeast stages have not been studied with respect to their physiological characteristics in depth as it is typically done for yeasts.
The genera Acaromyces and Meira contain probably miteassociated species, which are morphologically similar to Pseudozyma species, but phylogenetically belong to different lineages within Exobasidiomycetes (Boekhout et al. 2003 , Rush & Aime 2013 . The genus Pseudozyma is a polyphyletic anamorphic genus with species occurring in various clusters together with teleomorphic species of Ustilago, Sporisorium and Moesziomyces in the Ustilaginaceae (Ustilaginales) (Begerow et al. 2000 , 2006 , Stoll et al. 2003 , Liou et al. 2009 , McTaggart et al. 2012a , b, Chamnanpa et al. 2013 , Shivas et al. 2013 , Oliveira et al. 2014 . The genus Farysizyma is an anamorphic genus in the Anthracoideaceae (Ustilaginales) described by In acio et al. (2008) that clusters with teleomorphic species of the genus Farysia containing dimorphic smut fungi. The genus Fereydounia represents the first yeast lineage within Urocystidales (Nasr et al. 2014) . The genus Jaminaea represents a basal lineage in the Microstromatales (Exobasidiomycetes) based on ribosomal RNA (rRNA) gene sequence analysis (Sipiczki & Kajdacsi 2009) . Sympodiomycopsis is an anamorphic genus and its basidiomycetous affinity was discussed for a long time based on the ubiquinone system, type of cell wall and septal pore ultrastructure (Sugiyama et al. 1991) . Sequence analyses of the small subunit ribosomal RNA (SSU rRNA) and the large subunit rRNA (LSU rRNA) D1/D2 domains indicated that Sympodiomycopsis is a member of Exobasidiomycetes (Suh & Sugiyama 1994 , Fell et al. 2000 . Tilletiaria is a teleomorphic genus characterised by the presence of teliospores and narrow hyphae without clamp connections (Bandoni & Johri 1972) . This genus was tentatively placed in the Tilletiales (Boekhout et al. 1992) , but was later proposed to represent the family Tilletiariaceae in the Georgefischerales (Exobasidiomycetes) based on molecular phylogenetic analyses and morphology of its basidium (Begerow et al. 2006 , Boekhout et al. 2006 , Hibbett et al. 2007 . Tilletiopsis species occur in different orders of Exobasidiomycetes and this genus was often used as a 'catch all' genus for anamorphic members of Exobasidiomycetes (Begerow et al. 2000 , 2006 , Fell et al. 2000 . Although most Rhodotorula species belong to Pucciniomycotina, four still occur in Ustilaginomycotina (Fell et al. 2000 , Sampaio 2011 ). In addition to Rhodotorula acheniorum which has been transferred to Farysizyma (In acio et al. 2008) , three other Rhodotorula species are located in the Microstromatales (Exobasidiomycetes) (Sampaio 2004 , Begerow et al. 2014 . Recently, multiple gene sequence analyses showed that the genera Malassezia and Moniliella represent two deeply rooted lineages within Ustilaginomycotina and, subsequently, two classes Malasseziomycetes and Moniliellomycetes were proposed to accommodate them (Wang et al. 2014) .
Based on several studies, it has been clear that many anamorphic yeast species are phylogenetically closely related with teleomorphic smut fungi and that some of the former represent a saprophytic stage of the latter (Begerow et al. 2000 . However, as is the case in other groups of Basidiomycota, ustilaginomycetous yeasts have been conventionally classified mainly based on physiological and biochemical criteria, resulting in a taxonomic system independent from, and largely incompatible with that of the smut fungi, which were classified mainly based on morphological characters and host range of the teleomorphic stage (Boekhout 1991 , Begerow et al. 2014 . Additionally, although many species of smut fungi are cultivable only very few teleomorphic species are available as reference cultures. Integrated taxonomic revisions of Ustilaginomycotina unifying anamorphic and teleomorphic taxa have been made in recent years based on molecular data (Begerow et al. 2000 , 2006 , Bauer et al. 2001a , Weiß et al. 2004 , Matheny et al. 2006 ). The process is, however, hampered by the lack of a robust and integrated phylogenetic analysis and by use of the dual nomenclature code for pleomorphic fungi. Recent studies have shown that the Exobasidiomycetes may not represent a monophyletic group (Begerow et al. 2006 , Hibbett et al. 2007 , Wang et al. 2014 ) and a considerable number of currently recognised genera of both yeasts and dimorphic smut fungi in Ustilaginomycotina are polyphyletic (Begerow et al. 2000 , McTaggart et al. 2012a . The fine phylogenetic relationships between the yeast and filamentous taxa remain to be resolved. Here we used phylogenetic analyses of seven genes to address the phylogenetic relationships of ustilaginomycetous yeast species with each other and with their filamentous counterparts. Consequently, taxonomic revisions for the majority of the ustilaginomycetous yeasts employed were proposed according to the 'One Fungus = One Name' principle (Hawksworth 2011 , Taylor 2011 , McNeill et al. 2012 .
MATERIALS AND METHODS

Taxon sampling
All ustilaginomycetous yeast species listed in the 5 th edition of The Yeasts, A Taxonomic Study (Kurtzman et al. 2011) were employed (Tables 1 and 2 ). The yeast and smut culture strains used came from the CBS Fungal Biodiversity Centre (CBS-KNAW), Utrecht, Netherlands; the China General Microbiological Culture Collection Center (CGMCC), Institute of Microbiology, Chinese Academy of Sciences, Beijing, China; and Ruhr-Universit€ at Bochum, AG Geobotanik, Germany.
PCR and DNA sequencing
Genomic DNA was extracted from cultures grown on yeast extract peptone dextrose (YPD) plates using the method described by Bolano et al. (2001) . Seven loci were selected, including four protein-coding genes, namely the two RNA polymerase II subunits (RPB1 and RPB2), the translation elongation factor 1-α (TEF1) and the mitochondrial cytochrome b (CYTB); and three rRNA Table 2 . Overview of the classification of the ustilaginomycetous yeasts and related fungi in the Ustilaginomycotina. Only the species compared in this study are included. For the details on the taxonomy of teliomorphs see Vanky (2012) and Begerow et al. (2014) . Type species of genera, genera, families, orders and classes are in bold. 
Species
AB089373 AB089372
Websdaneaceae Websdanea gene regions, namely the small subunit nuclear ribosomal RNA (SSU or 18S rRNA), the D1/D2 domains of the large subunit (LSU or 26S rRNA) and the ITS 1+2 regions (including 5.8S rRNA). PCR and sequencing of the three rRNA gene regions and three protein genes, RPB1, RPB2 and TEF1, were performed as described in Wang et al. (2014) . PCR and sequencing of the CYTB gene were performed according to Wang & Bai (2008) . Cycle sequencing was performed using the ABI BigDye cycle sequencing kit (Applied Biosystems, Foster, California). Electrophoresis was done using an ABI PRISM 3730 DNA sequencer.
Molecular phylogenetic analyses
Five data sets consisting of the D1/D2 domains of the LSU rRNA gene, the combined ITS (including 5.8S rRNA gene) and D1/D2 domains of the LSU rRNA gene, the combined three rRNA regions, the combined four protein coding genes, and the combined seven genes, respectively, were constructed. Introns were deleted from all sequences before the alignment performed. Sequences of those data sets were aligned with the MAFFT program (Standley 2013) . The alignments of different genes were concatenated in the respective analyses. The alignment data sets were firstly analysed with Modeltest version 3.04 (Posada & Crandall 1998) PHYLOGENY AND TAXONOMY OF USTILAGINOMYCETOUS YEASTS www.studiesinmycology.org 1 000 bootstrap replicates analysis. Maximum parsimony (MP) analysis was conducted using PAUP* 4.0b10 (Swofford 2002) and the support of the branching topologies was derived from 1 000 replicates with 10 random additions. Bayesian inference (BI) analysis was conducted in MrBayes 3.2 (Ronquist et al. 2012) with parameters set to 5 000 000 generations, two runs and four chains. The chains were heated to 0.25 and a stop value of 0.01 was used. Sequences from several species of Puccinionycotina were used as outgroups in the seven genesbased phylogenetic reconstructions.
RESULTS AND DISCUSSION
Based on the sequences determined in this study and those retrieved from GenBank (http://www.ncbi.nlm.nih.gov/genbank) two datasets comprising concatenated sequences of the seven genes and of the four protein-coding genes solely were constructed for the analysis of the phylogeny of yeast and representative teleomorphic taxa and to visually examine the topological concordance of the trees generated using different algorithms. In order to further examine the fine phylogenetic relationships of yeast species with teleomorphic taxa, a dataset consisting of the combined ITS (including 5.8S rRNA gene) and LSU rRNA gene sequences and a dataset consisting of only LSU rRNA gene sequences were constructed and analysed.
The analysis of the combined seven genes, the combined ITS and LSU rRNA genes and the four protein genes (Figs 1, 2 and 3) confirmed that Malasseziomycetes and Moniliellomycetes containing only yeast species are monophyletic deep lineages as shown in Wang et al. (2014) . Ustilaginomycetes is also monophyletic, whereas Exobasidiomycetes is polyphyletic (Figs 1, 2  and 3 ). The phylogenies of the latter two classes containing a mixture of yeast species and teleomorphic taxa are discussed below in detail.
Ustilaginomycetes
Two orders Ustilaginales and Urocystales were recognised in this class , Begerow et al. 2014 . They were resolved as monophyletic groups in the trees constructed from all the datasets analysed in this study with strong bootstrap (BP) and posterior probability (PP) support values (Figs 1, 2 and 3) . The yeasts classified in the anamorphic genera Farysizyma and Pseudozyma (In acio et al. 2008 were located within Ustilaginales and those in the genus Fereydounia occurred within Urocystidales as shown in Nasr et al. (2014) . In the tree based on the ITS and LSU dataset Fereydounia occurred in a separated lineage distinct from the other genera in the Urocystidales (Fig. 2C) , which is in agreement with Nasr et al. (2014) . The Farysizyma species formed a monophyletic clade in the trees drawn from the seven gene and the four protein gene datasets (Figs 1 and 3 ) and clustered together with Farysia chardoniana in the tree based on the ITS and LSU dataset ( 
The Pseudozyma species were located mainly in various clades together with teleomorphic species from the so called Ustilago-Sporisorium-Macalpinomyces complex (McTaggart et al. 2012a, b) in the trees made from the seven gene and the four protein gene datasets (Figs 1 and 3) , being in agreement with previous studies based on rRNA gene sequence analysis . The three teleomorphic genera were also found to be polyphyletic (Stoll et al. 2003 (Stoll et al. , 2005 . McTaggart et al. (2012a) recently reconstructed the phylogeny of the complex using four nuclear loci including ITS, LSU rRNA gene, GAPDH and TEF1 and defined eight groups, Clade 1 to Clade 8. Each of the clades was also characterised by host specificity and soral synapomorphies (McTaggart et al. 2012a) . Consequently, the authors re-classified the complex by emending the genera Sporisorium (Clade 1) and Anthracocystis (Clade 4), and proposed three new genera, Langdonia (Clade 8), Stollia (Clade 3) and Triodiomyces (Clade 5) to reflect morphological synapomorphies (McTaggart et al. 2012b) .
The fine phylogenetic relationships of the Pseudozyma species with the teleomorphic taxa in the Ustilaginales are shown in the tree constructed from the ITS and LSU dataset which contained the species employed in McTaggart et al. (2012a, b) and other smut fungi (Fig. 2) . Sporisorium (Clade 1), Stollia (Clade 3), Anthrococystis (Clade 4), Triodiomyces (Clade 5), Langdonia (Clade 8) and Clade 7 were resolved as well supported monophyletic clades here, being in agreement with McTaggart et al. (2012a, b) . However, Clade 2 and Clade 6 as defined by McTaggart et al. (2012a) were shown to be polyphyletic in this study ( Fig. 2A) . Species from Clade 2 were located in two different subgroups and those from Clade 6 in three subgroups ( Fig. 2A) . The phylogenetic relationships among these subgroups were not resolved due to the lack of support. The statistical support values for Clade 2 and Clade 6 were weak in the previous study (McTaggart et al. 2012a) . Clade 2 lacked Bayesian PP support and Clade 6 with three sub-clades lacked both ML BP and Bayesian PP support. The Ustilago davisii and Ustilago esculenta sub-clades defined by McTaggart et al. (2012a) in Clade 6 also lacked statistical support.
As shown in previous studies based on rRNA gene sequence analyses (Fell et al. 2000 , the type species of the genus Pseudozyma, P. prolifica, clustered together with Ustilago maydis in the trees reconstructed from the seven gene, the four protein gene and the two rRNA genes datasets (Figs 1,  2B and 3) . The type strain of P. prolifica shared identical ITS and LSU rRNA gene sequences with Ustilago maydis CBS 504.76, suggesting that P. prolifica represents the saprobic asexual stage of Ustilago maydis and should be treated as a synonym of the latter according to the new nomenclature for fungi (McNeill et al. 2012) . As a consequence, the genus name Pseudozyma is not available any more.
Four Pseudozyma species, namely P. antarctica, P. aphidis, P. parantarctica and P. rugulosa, clustered together with Moesziomyces bullatus, the sole described species of this teleomorphic genus (Begerow et al. 2014) with strong BP and PP support values in the tree constructed from the ITS and LSU dataset (Fig. 2C) . The close affinity of the four Pseudozyma species with Moesziomyces bullatus was also resolved and strongly supported in the trees made from the seven genes and the four protein genes datasets (Figs 1 and 3) . Another teleomorphic species, Macalpinomyces eriachnes, occurred as a basal branch to the Moesziomyces clade (Figs 1 and 3) . The close phylogenetic relationship of the four Pseudozyma species with the monotypic genus Moesziomyces suggests that the former represent anamorphic and culturable stages of Moesziomyces species and can be transferred to the genus Moesziomyces.
Pseudozyma graminicola clustered in the recently emended genus Sporisorium (McTaggart et al. 2012b) . The closest relative of this species was S. holwayii (Fig. 2B) . P. graminicola differed from S. holwayii by 47 (7 %) and 6 (1 %) mismatches in the ITS and LSU rRNA gene regions, respectively, suggesting that the former represents a distinct species in the genus Sporisorium and a new combination is proposed.
The close relationship between Pseudozyma flocculosa and Anthracocystis apludae was shown in the seven genes and the four protein genes based trees (Figs 1, 3) . The affinity of P. flocculosa with Anthracocystis was confirmed by the phylogenetic analysis based on the ITS and LSU dataset (Fig. 2B) . This species has been recently transferred into the genus Anthracocystis by Piątek et al. (2015) .
Pseudozyma crassa occurred in the Triodiomyces clade with 75-89 % BP and 1.0 PP support values (Fig. 2C) . P. crassa was most closely related to T. altilis with 3 and 92 PHYLOGENY AND TAXONOMY OF USTILAGINOMYCETOUS YEASTS www.studiesinmycology.org mismatches in the LSU rRNA gene and ITS region, respectively. The result suggests that P. crassa belongs to the genus Triodiomyces. Pseudozyma jejuensis was located in the Langdonia clade with 56-58 % BP and 0.99 PP support values (Fig. 2B) , indicating that this species can be transferred to the genus Langdonia.
Pseudozyma abaconensis, P. shanxiensis and P. siamensis occurred in the Ustilago sensu stricto sub-clade (Clade 6) containing U. hordei, the type species of Ustilago (McTaggart et al. 2012a), with strong BP (90-95 %) and PP (1.0) support values (Fig. 2B) . P. siamensis branched first in the Ustilago sensu stricto sub-clade while the phylogenetic positions of P. abaconensis and P. shanxiensis within this sub-clade were not resolved. The Ustilago sensu stricto sub-clade was also resolved as a strongly supported monophyletic group by McTaggart et al. (2012a) . Due to the presence of U. hordei, the generic type, the genus name Ustilago will be used for this subclade. Therefore, it is reasonable to transfer these three Pseudozyma species to the genus Ustilago.
Three Pseudozyma species, including P. brasiliensis, P. fusiformata and P. vetiver, clustered together in an independent clade with 79-87 % BP and 1.0 PP support values (Fig. 2B ). The phylogenetic relationship of this clade with other clades in the Ustilaginales were not resolved based on the phylogenetical analysis of the ITS and LSU datasets, being in agreement with Chamnanpa et al. (2013) and Oliveira et al. (2014) . The result suggests that this clade represents a distinct genus. Pseudozyma churashimaensis occurred in an isolated deep branch within Ustilaginaceae in the tree drawn from the ITS and LSU dataset (Fig. 2C) . The affinity of this species to any teleomorphic taxa was not resolved, suggesting that this species represents another genus.
Three Pseudozyma species, including P. alboarmeniaca, P. thailandica and P. tsukubaensis clustered in Clade 7 recognised by McTaggart et al. (2012a) with 73 % ML BP and 1.0 PP support values (Fig. 2C) . This clade containing mixed smut species from the genera Macalpinomyces, Sporisorium and Ustilago, was also resolved by Stoll et al. (2003 Stoll et al. ( , 2005 . P. thailandica was most closely related to Macalpinomyces viridians; P. tsukubaensis had identical LSU rRNA gene sequences with Ma. spermophorus; and P. alboarmeniaca showed close affinity to Ustilago austro-africana, Ma. spermophorus and P. tsukubaensis. Because of the taxonomic confusion between the teleomorphic genera, the taxonomic treatment of these three Pseudozyma species should be made together with the taxonomic revision of the teleomorphic species in this clade.
Pseudozyma pruni clustered together with the teleomorphic species Anomalomyces yakirrae, Anomalomyces panici and Sporisorium trachypogonis-plumosi without significant support (Fig. 2B) . P. pruni was proposed as a close relative of P. fusiformata by Liou et al. (2009) . The former exhibited a close affinity to A. yakirrae in previous studies based on sequence analysis of the ITS and LSU rRNA gene regions (Chamnanpa et al. 2013 , Oliveira et al. 2014 . A. panici, the type species of the genus Anomalomyces, was located in an isolated branch in the Ustilaginales in McTaggart et al. (2012a) . A. yakirrae was proposed as the second member in Anomalomyces by Shivas et al. (2013) because it was located in the same clade with A. panici in the ITS and LSU rRNA gene based tree. A. yakirrae and A. panici also shared some morphological characters and occurred on closely related hosts. However, the close relationship between A. yakirrae and A. panici was not confidently resolved in this study and was only weakly supported by previous molecular data compared in Shivas et al. (2013) . Thus, a more robust phylogenetic analysis using more genes will be required for a taxonomic treatment of P. pruni and related teleomorphic species.
In the tree based on the seven genes dataset (Fig. 1) , the position of Pseudozyma hubeiensis remained uncertain probably because of the limited sampling of teleomorphic taxa. In the ITS and LSU dataset based tree, this species was located in Clade 2 (McTaggart et al. 2012a) together with Ustilago maydis, Ustilago bouriquetii, Tubisorus pachycarpus, Ustilago vetiveriae and Macalpinomyces mackinlayi, but the phylogeny lacked statistical support (Fig. 2B) . Thus, the taxonomic position of P. hubeiensis remains to be determined.
Exobasidiomycetes
Eight orders were previously proposed in this class (Begerow et al. 2006 . After the proposal of class Malasseziomycetes to accommodate the Malasseziales (Wang et al. 2014) , Exobasidiomycetes currently contains four orders, Entylomatales, Exobasidiales, Georgefischeriales and Microstromatales, that have species with a yeast state and three orders, Ceraceosorales, Doassansiales and Tilletiales, that do not have any known yeast species . Begerow et al. (2006) proposed the order Ceraceosorales for Ceraceosorus bombacis which appeared to be closely related to a yeast-like species Tilletiopsis albescens. However, in the tree drawn form the LSU dataset in this study, T. albescens is not closely related to C. bombacis (Fig. 4) . The phylogenetic position of C. bombacis and its relationship with T. albescens remain controversial (Hibbett et al. 2007 , Begerow et al. 2014 .
In the trees constructed from the seven genes, the four protein coding genes and the two rRNA genes, each of the four yeast containing orders, Entylomatales, Exobasidiales, Georgefischeriales and Microstromatales, was resolved as a strongly supported monophyletic clade. The three orders without yeast species were also resolved as separate clades in these analyses (Figs 1-4) . However, these orders assigned to Exobasidiomycetes did not form a monophyletic lineage. In the trees drawn from the seven genes and the four protein coding genes, the Georgefischeriales occurred as a sister lineage to Moniliellomycetes with strong support (Figs 1 and 3) . The orders Entylomatales, Exobasidiales and Doassansiales formed a monophyletic lineage together but with weak BP support; while Microstromatales and Tilletiales formed distinct lineages with paraphyletic relationships to the other orders in Exobasidiomycetes (Figs 1 and 3) . The results confirmed that Exobasidiomycetes is not monophyletic, but might support the originally described superorder Exobasidianae including the three orders Entylomatales, Doassansiales and Exobasidiales based on morphological similarities of the interaction apparatus as suggested by Bauer et al. (1997) .
Seven genera of yeasts or yeast-like fungi, namely Acaromyces, Jaminaea, Meira, Rhodotorula (pro parte), Sympodiomycopsis, Tilletiaria and Tilletiopsis are currently included in the Exobasidiomycetes. Since the protein coding gene and even the SSU and ITS rRNA gene sequences of many teleomorphic taxa of Exobasidiomycetes are not available at present, a supplementary dataset containing only LSU rRNA gene sequences was used for analysing the phylogenetic relationships of yeast species with teleomorphic species in the Exobasidiomycetes.
In the trees drawn from the seven genes, the four protein genes and the ITS dataset, Acaromyces ingoldii and three Meira species were located together with three Exobasidium species in the Exobasidiales with strong support (Figs 1, 2D and 3) , being in agreement with Boekhout et al. (2011) . However, in the tree made from the LSU dataset containing more teleomorphic species, the taxa of Exobasidiales as defined by Begerow et al. (2014) were separated into two clades (Fig. 4) . Ac. ingoldii occurred in a well supported clade together with species of the teleomorphic genera Clinoconidium, Coniodictyum, Drepanoconis and Laurobasidium. Ac. ingoldii was closely related with Laurobasidium lauri and shared an identical LSU rRNA gene sequence with a GenBank entry (AB177562) labelled as 'Laurobasidium hachijoense' (Exobasidium hachijoense). The name Laurobasidium hachijoense has not been validly published and L. lauri is presently the solely published species in the genus Laurobasidium (Begerow et al. 2014) . It is not sure whether Ac. ingoldii represents an anamorphic species of Laurobasidium because the ML BP support for a close affinity of Ac. ingoldii and L. lauri remained weak (62 %) (Fig. 4) . Besides, the sequence difference between Ac. ingoldii and L. lauri appeared greater than that between the two teleomorphic species Clinoconidium bullatum and Drepanoconis larviformis presently classified into different genera. Therefore, the genus Acaromyces will be maintained at present. In the LSU rRNA gene-based tree, the Meira species were located in another clade together with teleomorphic species from Exobasidium and other genera of the Exobasidiales, including Dicellomyces, Graphiola and Kordyana (Fig. 4) . In this clade, the four Meira species formed a distinct sub-clade with 100 % ML BP value, supporting the recognition of this genus.
The Jaminaea and Sympodiomycopsis species and three Rhodotorula species clustered in the Microstromatales together with teleomorphic species of Microstroma, Quambalaria and Volvocisporium (Figs 1, 2D and 4) . The two Jaminaea species formed a first branched clade in the Microstromatales in the seven genes and the four protein genes based trees (Figs 1  and 3) . A close relationship of the Jaminaea species with Microstroma albiziae was shown in the trees drawn from the combined seven gene sequences (Fig. 1 ) and the LSU rRNA gene sequences alone (Fig. 4) , but not supported in the combination of ITS and LSU datasets (Fig. 2D) . The genus Microstroma is polyphyletic as shown previously (Begerow et al. 2006 and in the present study. M. albiziae is not the type species of the genus, and, therefore, the genus Jaminaea should be remained. However, the affiliation to Jaminea or Sympodiomycopsis lacks fundamental support and further data are needed before a new combination can be proposed. Begerow et al. (2014) assigned Jaminea to the family Quambalariaceae, but the close relationship of this genus with the teleomorphic species Quambalaria cyanescens was not shown in any of the trees constructed in this study. Therefore and due to the lack of other Quambalaria species in our dataset, it is preferred to treat Jaminaea as 'incertae sedis' within Microstromatales as Sipiczki & Kajdacsi (2009) suggested before.
The affiliation of Sympodiomycopsis species within the Microstromatales was confirmed in this study, but the relationship of this genus with the other members of the order was not resolved (Figs 1, 2D, 3 and 4) , being in agreement with Begerow et al. (2014) who treated the genus as 'incertae sedis' in the Microstromatales.
Among the three Rhodotorula species belonging to the Microstromatales, R. bacarum had almost identical ITS and LSU rRNA gene sequences with Microstroma album, the type species of the genus Microstroma ( Figs 2D and 4) . As commented by Sampaio (2011) , R. bacarum should be regarded as representing the asexual stage of M. album and thus should be treated as a synonym of the latter. The other two Rhodotorula species, R. hinnulea and R. phylloplana, exhibited a close relationship with Microstroma juglandis in all the trees constructed in this study (Figs 1, 2D, 3 and 4) . R. hinnulea was considered a synonym of R. phylloplana in Sampaio (2011) because of identical ITS and LSU rRNA gene sequences. In this study we showed that the type strains of the two species also shared similar protein gene sequences (Fig. 3) , supporting their assumed conspecificity (Fig. 2D) . In the LSU rRNA gene based tree, R. phylloplana was located together with M. juglandis (Fig. 4) . In the seven genes and the four protein genes based trees, the close affinity of R. phylloplana and M. juglandis with R. bacarum (the anamorph of M. album) was resolved (Figs 1 and 3) . The result suggests that R. phylloplana represents an anamorphic species in the genus Microstroma.
In agreement with previous studies (Fell et al. 2000) the genus Tilletiopsis was shown to be polyphyletic in this study. Three Tilletiopsis species, including the type species of the genus, T. washingtonensis, formed a well supported (100 % BP and 1.0 PP) clade in the Entylomales in all the trees constructed using different datasets (Figs 1, 2D, 3 and 4) . This clade was resolved as a sister group of the genus Entyloma. The result suggests that this clade represents a distinct genus which should keep the name Tilletiopsis.
Six Tilletiopsis species belonged to the Georgefischeriales (Fig. 4) . As shown in Boekhout et al. (2011) , T. derxii, T. flava, T. fulvescens and T. oryzicola formed a clade together with two teleomorphic species Tilletiaria anomala and Phragmotaenium indicum in the tree constructed from the LSU rRNA gene sequences (Fig. 4) . The latter two teleomorphic species differ remarkably in the morphology of teliospores (Bauer et al. 2001b) and the genetic distance between them is similar with those between other genera, suggesting they represent two different genera. Tilletiaria anomala formed a basal position in this clade. The four Tilletiopsis species were resolved to be more closely related to Phragmotaenium indicum with 90 % ML BP support, suggesting that they belong to the genus Phragmotaenium.
The other two Tilletiopsis species in the Georgefischeriales, T. minor and T. penniseti, formed another clade with a teleomorphic species Gjaerumia ossifragi, the type of the genus, as a basal branch with 61 % ML BP support (Fig. 4) . Bauer et al. (2005) also showed that G. ossifragi formed a statistically supported cluster with T. minor, T. penniseti, and two undescribed Tilletiopsis species based on the Bayesian inference analysis of the LSU rRNA genes. The results support transferring T. minor and T. penniseti into Gjaerumia.
Two Tilletiopsis species, T. albescens and T. pallescens, could not be assigned to any recognised orders in the Exobasidiomycetes. In the ML trees constructed from the seven gene and four protein gene datasets, they clustered together in a deep lineage with 93 % and 94 % BP support, but their PHYLOGENY AND TAXONOMY OF USTILAGINOMYCETOUS YEASTS www.studiesinmycology.org phylogenetic relationship with other lineages of Exobasidiomycetes was not resolved. The MP and BI analyses of the two datasets did not support a close relationship between the two Tilletiopsis species (Figs 1 and 3) . In the trees generated from the other datasets, these two species formed independent deep branches with uncertain phylogenetic positions ( Figs 2D and 4) . These two Tilletiopsis species were also treated as 'incertae sedis' in the Exobasidiomycetes by Begerow et al. (2006 Begerow et al. ( , 2014 and Hibbett et al. (2007) . Our results suggested that T. albescens and T. pallescens represent two separate genera belonging to two different orders.
Taxonomy
The phylogenetic analyses described above confirm that the class Exobasidiomycetes is polyphyletic. However, it is immature to redefine this class at present because molecular data, especially protein gene sequences from the majority of the teleomorphic taxa in this class, that will offer a more robust phylogenetic analysis integrating the yeasts, are not available. It is, however, needed to make taxonomic revisions for yeast taxa at the genus level based on the phylogenetic data presented here. Fereydounia, Jaminaea, Meira, Sympodiomycopsis and Tilletiaria together with Malassezia and Moniliella as shown in Wang et al. (2014) and Nasr et al. (2014) are monophyletic genera. In order to avoid possible name changes in the future, Acaromyces will be remained at present before a taxonomic revision can be made that need to include more teleomorphic genera.
We propose to transfer the Farysizyma species to the genus Farysia and Rhodotorula phylloplana to Microstroma. For the Pseudozyma species, it is clear that P. prolifica, the type species of the genus, is a synonym of Ustilago maydis. We propose to transfer 1) P. abaconensis, P. shanxiensis and P. siamensis to the genus Ustilago; 2) P. antarctica, P. aphidis, P. parantarctica and P. rugulosa to Moesziomyces; 3) P. crassa to Triodiomyces; 4) P. graminicola to Sporisorium; and 5) P. jejuensis to Langdonia. P. brasiliensis, P. fusiformata, and P. vetiver represent a new genus for which we propose Kalmanozyma gen. nov. Pseudozyma churashimaensis represents another new genus for which Dirkmeia gen. nov. is proposed. The taxonomic treatment for the remaining Pseudozyma species, including P. alboarmeniaca, P. thailandica, P. tsukubaensis, P. hubeiensis and P. pruni remains to be determined. These species are embedded in groups with lots of teleomorphic species, where only very few specimens have been sequenced so far, thus we expect, that they probably have already a synonym, which we just did not identify so far. Because the genus name Pseudozyma is not available any more, we suggest to use 'pro tempore' or 'pro tem.' in abbreviation to indicate that these species names are temporarily remained.
We propose to emend the genus Tilletiopsis in the order Entylomatales by retaining the genus name for the monophyletic clade represented by the type species T. washingtonensis. For the taxonomic treatments of the remaining Tilletiopsis species, we propose to transfer T. derxii, T. flava, T. fulvescens and T. oryzicola to the genus Phragmotaenium; and T. minor and T. penniseti to Gjaerumia. Two new generic names, Robbauera gen. nov. and Golubevia gen. nov., are proposed for T. albescens and T. pallescens, respectively. Two new orders are also proposed for them to accommodate the sisterhood of these two new genera with other orders of Exobasidiomycetes. (Figs 1, 2D, 3 and 4) .
Sexual reproduction unknown, but chlamydospore-like structures germinating with a holobasidium-like structure that forms ballistospores on the apex, have been observed (Begerow et al. 2000) . Colonies pale yellowish-brown or cream and have an eroded margin. Budding cells present. Hyphae regularly branched, narrow and cylindrical, and with retraction septa, but lack clamp connections. Chlamydospores may occur terminally or intercalarily. Ballistoconidia present. Xylose absent, but glucose, galactose and mannose present in whole-cell hydrolysates. The major ubiquinone Q-10. Starch-like compounds are not produced. Etymology: the genus is named in honour of Dirk van der Mei who was a former director of CBS Fungal Biodiversity Centre (CBS-KNAW).
Member of Ustilaginaceae (Ustilaginales, Ustilaginomycetes). This genus is proposed to accommodate Pseudozyma churashimaensis which belongs to an isolated branch in the Ustilaginaceae based on the combined ITS and LSU rRNA gene sequence analysis (Fig. 2C) .
Sexual reproduction unknown. Colonies cream-coloured, shiny, smooth, and with an eroded margin. Budding cells present. Ballistoconidia absent. Cell carbohydrates not determined. The major ubiquinone unknown. Starch-like compounds not produced. Etymology: The genus is named in honour of K alm an V anky for his contributions to the taxonomy of smuts.
Member of Ustilaginaceae (Ustilaginales, Ustilaginomycetes). This genus is proposed to accommodate Pseudozyma fusiformata, Pseudozyma brasiliensis and Pseudozyma vetiver that form a distinct clade in the Ustilaginaceae based on the phylogenetic analysis of the ITS and LSU rRNA gene sequences (Fig. 2B) .
Sexual reproduction unknown. Colonies whitish, cream to light salmon, shiny, smooth, and with an eroded margin. Budding cells present. Ballistoconidia absent. Pseudomycelium and true mycelium may be formed. Cell carbohydrates not determined. The major ubiquinone Q-10. Starch-like compounds not produced. Member of Entylomatales (Exobasidiomycetes). This genus is emended to include only the species in the clade represented by T. washingtonensis, T. lilacina and T. cremea.
Sexual reproduction unknown. Colonies cream coloured and with an entire or eroded margin. Budding cells present. Hyphae narrow, with retraction septa, but lack clamp connections. Chlamydospores may be present. Ballistoconidia present. Xylose in cell wall hydrolysate absent. The major ubiquinone Q-10. Starch-like compounds not produced. This genus was originally described for teleomorphic smut fungi occurring on Cyperaceae plants and was redefined V anky (2002, 2012) . Here it is emended to include free-living yeast species with unknown sexual states as shown by molecular phylogenetic analysis (Fig. 2C ).
This genus was originally proposed for teleomorphic smut fungi occurring on Juglandaceae, Fabaceae and Fagaceaeas (Begerow et al. 2014) as defined by Pires (1928) and is emended to include free-living yeast species with unknown sexual states as shown by molecular phylogenetic analysis (Fig. 2D ). This genus was originally proposed to accommodate a group of teleomorphic smut fungi occurring on grasses of the genus Triodia (McTaggart et al. 2012b) and is emended to include freeliving yeast species with unknown sexual states as shown by molecular phylogenetic analysis (Fig. 2C ). Type species: Ustilago hordei (Pers.) Lagerh.
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The genus Ustilago is polyphyletic and remains to be redefined (McTaggart et al. 2012a, b) . It is immature to emend this genus at present but it is reasonable to transfer the three Pseudozyma species to this genus because they are located in the monophyletic Ustilago sensu stricto clade containing the type species of the genus (Fig. 2B) . Thus the genus Ustilago also contains anamorphic fungi.
